The simultaneous microwave-assisted ethanol reflux extraction of flavonoids and saponins from Astragalus was 
Introduction
Radix Astragali (root of Astragalus membranaceus; Huangqi) is one of the best-known Chinese medical herbs Ginseng and Notoginseng. This amazing plant has been used for thousands of years in the traditional Chinese medicine and is well known for its beneficial effects on the human body. Astragalus is a strong adaptogenic herb and it has an impressive ability to balance and increase the function of body immune system. The effects of Astragalus on the reduction of proteinuria (Ma et al., 2002) and hyperlipidaemia (Wang et al., 1999) , immune modulations (Pullen et al., 1998; Shen et al., 2007) and neuroprotection (Li et al., 2010) .
The main active constituents of Radix Astragali include isoflavonoids, triterpene saponins, polysaccharides, aminoacids and other trace elements. Recent studies reveal that the isoflavonoids of Radix Astragali show strong antioxidant activity (Zheng et al., 2012; Zhao et al., 2011) , and pharmacological properties such as effect on impairment of barrier function induced by hypoxia (Zheng et al., 2011) . Astragalus mongolicus is the commonly used species and the main flavonoid contents are calycosin, formononetin, calycosin-7-O-β-D-glucoside and ononion (Chang et al., 2012) . Astragalus saponins have shown interesting pharmacological properties, including immunostimulation (Bedir et al., 2000; Nalbantsoy et al., 2012) , anti-protozoal (Yesilada et al., 2005) ; antiviral (Lee et al., 2012) , cytotoxic (Radwan et al., 2004; Choudhary et al., 2008) and cardiotonic activities (Navarrete et al., 2005) . Moreover, Astragaloside A, a widely encountered cycloartane-type saponin found in Astragalus species, has been proven to be a neuroprotective agent (Wang et al., 2009) , and proposed as a potential agent in the treatment of Parkinson's disease (Fong et al., 2013) .
Several techniques are available for the extraction of flavonoids and saponins from Radix Astragali including traditional heat reflux extraction (HRE) and Soxhlet extraction (Qi et al., 2006; Qi et al., 2008) , ultrasound-assisted extraction (UAE) (Cai et al., 2012) .
Methanol was used as extraction solvent in the Soxhlet and ultrasound-assisted extraction methods, which was hazardous both to the operators and to the environment. HRE with ethanol is now in general practice applied for the large-scale industrial production in spite of it being time-consuming and labour intensive. Many reports have been published on the application of microwaveassisted extraction (MAE) He and Xia, 2011; Chan et al., 2011) of activity from plants. The main advantages of MAE are the considerable reduction in time and solvent as compared to conventional techniques.
Response surface methodology is a statistical method that uses quantitative data from an appropriate experimental design to determine or simultaneously solve multivariate equation. (Xiong et al., 2011; Sinha et al., 2013; Sahin and Samli, 2013) Besides, this experimental methodology can generate a mathematical model and optimize the process levels (Sinha et al., 2013) . So far, available publications on the microwave-assisted simultaneous extraction of isoflavonoids and saponins from Radix Astragali with response surface methodology are very limited. The objective of this work was to investigate the effects of above five variables, including ethanol concentration, ratio of solid/liquid, irradiation time, extraction temperature, microwave irradiation power, on the yield of isoflavonoids and saponins extracted from Radix Astragali by response surface methodology. Optimization of the extraction was also performed.
Materials and Methods

Plant material, standards and reagents The roots of
Astragalus membranaceus were purchased from Sanjiu Chemist's Shop, Wuhan, Hubei, which was identified as Astragalus mongholicus Bunge. its production place is in Inner Mongolia, China. The cut pieces were ground with a blade-mill (FW135 medicine mill, PR China) to obtain a relatively homogenous drug power and them sieved through 20-mesh screen. The powder was dried at 60℃ until constant weight and was well blended before use. Vanillic aldehyde (>98.0%) was added to the standard stock solution as a colour-producing agent for total spanions determination. All the chemicals and reagents used for analysis were of AR grade.
Colorimetric method for quantification analysis The standard curve of isoflavones and saponins in Astragalus membranaceus
To determine the content of isoflavones in Astragalus membranaceus, formononetin is used as standard samples which was weighed and dissolved in 50 mL of 95% methanol to give serial concentrations from 8 to 80 mg/L. The absorbances of samples were detected at 259 nm by a Shimadzu UV/Vis 2450 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). The concentration of total flavonoids was calculated using equation:
Where Y 1 is the absorbance value (259 nm) of the sample with 95% ethanol-water solution in a 1 cm width cuvette, and X 1 is the mass concentration of gross flavonoids (g/L).
The determination of the total content of triterpenoid saponins was performed as described. The standard curve which was used as the benchmark for the yield determination was 
Determination of total isoflavonoids and total triterpenoid saponins
The material was passed through 60 mesh sieve to get uniform particle size sample. A sample of 5.0 g Radix Astragali crude extract powder was transferred into a 100 mL volumetric flask and dissolved with ethanol-water solution and the final volume was adjusted to 100 mL. The concentrations of total isoflavonoids in the samples were calculated according to the regression parameters derived from the standard curve. The 0.2 mL extract solutions were added to a tube. The absorbance of the total triterpenoid saponins was determined by the colorimetric method as described above.
The contents of triterpenoid saponins were determined by reading the values from the standard curve.
Simultaneous microwave-assisted ethanol reflux extraction of
Astragalus flavonoids and saponins The material was passed through 100 mesh sieve to get uniform particle size sample. Radix
Astragali powder (5.0 g) and 100 mL ethanol-water solution were put in the microwave-assisted extractor for extraction in a designed solid-liquid ratio, extraction time, ethanol concentration, microwave temperature and microwave power. After the extraction, the mixture was centrifuged at 4000 r/min for 10 min. The concentration of the total isoflavonoids and total triterpenoid saponins in the supernatant was measured.
Experimental Design for the RSM Study Response surface methodology was applied to investigate the effects of "ethanol concentration", "microwave temperature", "reaction time'', "ratio of liquid to solid ", "microwave power" on extraction and to model the extraction formula. Central Composite Circumscribed Design (CCD) Firatligil-Durmus and Evranuz, 2010) with 5 factors and 5 levels ( _ 2, _ 1, 0, 1, 2 ) was used to generate factor combinations by using Design-Expert v.8.0.5b (2021 East
Hennepin Ave, Stat-Ease, Inc.). The levels for the chosen factors 2  30  80  75  28  800  1  25  70  70  24  700  0  20  60  65  20  600  _ 1  15  50  60  16  500  _ 2  10  40  55  12  400  Distance  5  10  5  4  100 were: ratio of liquid to solid (S, x/1), (10/1 _ 30/1); microwave temperature (T, ℃), (40 _ 80℃); ethanol concentration (C, %), (55 _ 75%); reaction time (t, min), (12 _ 28 min) and microwave power (P, W), (300 _ 800 W). The independent variables and experimental design are shown in Table 1 . A total of 50 experimental runs with 8 center points (0, 0, 0, 0, 0) were generated.
Results and Discussion
Single factor experiment Effect of ratio of liquid to solid on the yields of Astragalus flavonoids and saponins
As shown in Fig. 2a, Where x i is the dimensionless coded value of the variable X i , X 0 is the value of X i at the centre point, and ΔX is the step change.
Model Fitting For this purpose five-factor, five-level CCD was employed for the reactions assisted by microwave extraction, and the respective design points together with the observed response (yield (%) of TFA and TSA) are given in Table 2 .
Multiple regression analysis was applied to obtain the best fitting model. Regression coefficients (b) and significance (p) values are given in Table 3 and Table 4 .
As can be seen from Table 3 , all first order parameters was statistically significant (P < 0.05). Among first order parameters, temperature had negative effects on yield of TFA. The most important effect on TFA yield was found as "microwave temperature". All second order parameters and interaction terms except "substrate molar ratio or time" were found to be statistically The TSA second-order polynomial regression equation (R 2 = 0.9006) was fit to the experimental data and yielded the estimated regression coefficients shown in Table 4 . The lack-of-fit statistics, the p-value (0.0504) for it, was not significant. Therefore, this TSA model can be used to navigate the design space. The TSA model F-value of 13.14 (p < 0.0001), which implied that the quadratic response surface model was highly significant. It can be proved that the variable with highly significant effect was the linear To determine optimal levels of the test variables for the yields of Astragalus flavonoids and saponins, the 3D response surface described by the regression model is presented in Fig.3a 
Conclusion
In this paper, simultaneous microwave-assisted ethanol reflux extraction technology was used to extract Astragalus flavonoids 
